ABSTRACT EYE, L. L., B. SNEH, and J. L. LOCKWOOD. 1978. Inoculation of soybean seedlings with zoospores of Phytophthora megasperma var. sojae for pathogenicity and race determination. Phytopathology 68: 1769-1773.
PHYTOPATHOLOGY
[Vol. 68 of a 4 cm deep layer of distilled water-saturated seedlings (cultivar Hark), previously germinated at 23 C vermiculite (23 C) in plastic trays 27 X 19 X 6 or 19>X 19 X 6 in moist vermiculite, were placed in petri dishes (five cm. The trays contained varying numbers of rows at least seedlings per plate) containing 20 g of air-dried soil from 2.5 cm apart, each with five to ten seeds. The seeds were fields with diseased soybeans, and 30 ml of distilled water. covered with a 1.5-cm layer of dry vermiculite, and the Two days later the seedlings were discarded, and a second trays were covered with polyethylene film to minimize set of 2-day-old seedlings was placed on the soil plates. evaporation. After 2 days at 23 C, the polyethylene was Seedling infection in the second set was evaluated 3 days removed and water was added to saturate the vermiculite, later, and the identity of the pathogen was confirmed by The seedlings were inoculated by applyinj 2 ml of a observing sporangia of the pathogen with a dissecting zoospore suspension, usually containing 10 zoospores, microscope. If sporangia were not observed, segments over each nonemerged seedling using an automatic pip-were plated on a selective medium (16) to verify the ette syringe. Different trays were used for different races presence of the pathogen. of the pathogen. After inoculation, the trays were incubated in a growth chamber under 17,000 lx for 12-hr
RESULTS
photoperiods at 25 C, or on a laboratory bench under ambient fluorescent light (860 lx) at 23 C. Disease was Zoospore inoculation of soybean seedlings grown in evaluated 4-6 days after inoculation. A plant was vermiculite.-The effect of seedling age on susceptibility considered susceptible if it failed to emerge or if the tap to disease was studied using cultivar Hark. Seeds were root and lateral roots were discolored and flaccid. The planted 1, 2, 3, 4, and 6 days prior to inoculation. All following cultivars were used: Altona, Hark, Harosoy 63, seedlings were inoculated on the same day with zoospores Higan, Kingwa, Mack, Sanga, Toku, and Tracy. These of P. megasperma var. sojae race 1 (104 zoospores per same cultivars also were used in the other inoculation seedling). Seedlings inoculated at 1, 2, 3, 4, and 6 days of methods described below, age had 28, 100, 60, 51, and 23% diseased plants,
Zoospore inoculation of soybean seedlings in the respectively. Of the seedlings that were diseased, all those presence of soil.--Autoclaved Conover loam (10-20 g) inoculated at 1 and 2 days old and half of those inoculated was placed in autoclaved 10 cm diameter glass petri dishes at 3 days old were killed. None of those inoculated at 4 and 30 ml of an aqueous suspension of zoospores (usually and 6 days old were dead at the time of evaluation. Nonat the rate of 2 X 102 per plant) was added. In some cases, inoculated seedlings of the same ages remained healthy. plastic trays 27 X 19 X 6 or 19 X 19 X 6 cm were used (100 g To study the effect of temperature on disease incidence, of soil and 150 ml of zoospore suspension, or 50 g of soil seeds of the cultivar Hark were planted in trays of moist and 100 ml of zoospore suspension, respectively), vermiculite, which after 2 days were flooded with distilled Soybean seeds were allowed to germinate in moist water adjusted to 15, 20, 25, 30, or 35 C. Each plant was vermiculite at 23 C for 2 days, and then were placed on the inoculated with 5 X 10' zoospores in 2 ml of suspension, soil surface (five seedlings per plate, 20 to 45 seedlings per and the trays were incubated at corresponding tray). The dishes were covered with glass tops, or the trays temperatures. Maximum infection was obtained at 20, 25, with polyethylene bags, and incubated at 23 C. Seedling and 30 C (Fig. 1) . At 20 and 25 C, the infected plants failed infection was evaluated after incubation for 3 days. to emerge, whereas at 30 C, many of the seedlings Infected seedlings were stunted and failed to develop emerged even though they were severely infected. Nonlateral roots. The hypocotyls were either totally brown in inoculated plants incubated at the same temperatures color and flaccid, or contained one or two severe lesions remained healthy. about 1 cm long. Cotyledons never showed symptoms of infection. The identity of the pathogen was confirmed by incubating the seedlings in distilled water for 6-24 hr, at which time sporangia of the pathogen were identified with 100. a dissecting microscope. If sporangia were not present, .
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• -, another field-tolerant cultivar, was less (but not significantly less) than that of Hark. These differences were
• . masked at higher inoculum concentrations.
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Nine differential soybean cultivars were inoculated "
, 00>
with zoospores of races 1-6 to determine if this method proportion of susceptible reactions was usually less than 0 e " one-third, and did not complicate interpretation of
results. Results using the conventional hypocotyl > -CU c_ inoculation also were not completely consistent (Table 2) . zoospore concentration on disease incidence in the zoospores were applied, 100% of the seedlings of all three presence of soil was evaluated. Ten grams of sterile air-cultivars became diseased. Thus, resistance apparently dried Conover loam was placed in autoclaved glass petri can be overcome with sufficient inoculum. Seedlings that dishes. Mean concentrations of 1, 3, 10, 30, 100, 500, and were not inoculated remained healthy. 1,000 zoospores of race 1 in 30 ml of distilled water were The experiment was repeated using 2-and 3-day-old added to each plate. Resulting percentages of diseased seedlings of the same cultivars. Suspensions containing 8 seedlings were 0, 20, 24, 36, 64, 80, and 100, respectively X 10 3 , 4X 10 4 , and 4X 105 zoospores of race 1 per 150 ml of (LSR [P = 0.05] = 23). A mean concentration as low as distilled water were added to each tray (equivalent of 2 X three zoospores per plate was sufficient to cause a low 102, 103, and 104 zoospores per seedling, respectively). At incidence (20%) of disease. Disease incidence increased as both ages, Hark exhibited 100% disease incidence at all inoculum concentrations increased until 100% of the inoculum concentrations. Disease in the resistant seedlings were infected at 1,000 zoospores per plate. cultivars again tended to increase with inoculum concenLocalized lesions about 1-2 cm in length were present on trations. Three-day-old seedlings of Altona, Harosoy 63, the hypocotyls of seedlings exposed to low (3-30) and Toku, however, exhibited significantly (P= 0.05) less numbers of zoospores, whereas concentrations of 100 disease than did 2-day-old seedlings; specifically, 71 zoospores and higher produced the typical uniform versus 20%, 47 versus 27%, and 24 versus 11%, browning of the hypocotyls. Noninoculated control respectively. Seedlings that were not inoculated remained seedlings remained healthy.
healthy. The effect of temperature on disease incidence in Hark Nine differential soybean cultivars placed on flooded seedlings was studied in petri dishes to each of which were soil were inoculated with zoospores of races 1 to 6 to added 2.5 X 103 zoospores of race 1 (5 X 102 per seedling), determine if this inoculation method could be used to in the presence of soil. The distilled water used was differentiate races of the pathogen. Two-day-old adjusted to 10, 15, 20, 25, 30, or 35 C before use, and seedlings of Altona, Hark, Harosoy 63, Higan, Kingwa, seedlings were placed in incubators at corresponding Mack, Sanga, Toku, and Tracy were added to trays after temperatures. Greatest numbers of diseased seedlings a suspension of 8 x 10' zoospores in 150 ml of distilled were obtained at 20, 25, and 30 C (Fig. 1) . Temperatures water (2 X 102 zoospores per seedling) was applied to the higher and lower than this range resulted in significantly soil. The nine soybean cultivars exhibited differential less disease incidence. Seedlings that were not inoculated responses to the six races of P. megasperma var. sojae in and incubated at the same temperatures remained close accord with published data based on hypocotyl healthy.
inoculations (19) ( Table 2 ). The effect of zoospore concentration on disease Detection of P. megasperma var. sojae in naturally incidence in four differential cultivars (Hark, Altona, infested soil using soybean seedlings as baits.-Twenty Harosoy 63, and Toku) was studied. Suspensions grams of air-dried Brookston loam, naturally infested containing 4 X 10', 2 X 10, 2 X 10 5 , and 106 zoospores of with P. megasperma var. sojae, was placed into petri race 1 per 100 ml of distilled water were added to soil in dishes; 30 ml of distilled water, which was first adjusted to each tray (equivalent of 2 X 102, 103, 104, and 5 X 104 the specific incubation temperatures of the treatment, was zoospores per seedling, respectively). Hypocotyls of added. Plates were incubated for 4 days in the dark at 10, Hark, a susceptible cultivar, were decayed severely at all 15, 20, 25, 30, and 35 C. Disease incidence increased as the inoculum concentrations (Table 3 ). The percentage of temperature increased (Fig. 1) . Temperatures of 25-35 C infected seedlings of the resistant cultivars Altona, produced significantly (P = 0.05) more disease than did Harosoy 63, and Toku increased as inoculum concen-lower temperatures.
Nine different natural soils were tested using soybean seedlings as baits. Five of the soils were from fields with TABLE 3. Effect of zoospore concentration on disease soybean crops at the time of collection; the other four incidence in four differential soybean cultivars placed in trays soils were from fields with crops other than soybean containing sterilized soil and inoculated with Phytophthora during the year that they were collected. Phytophthora megasperma var. sojae race I' megasperma var. sojae was baited successfully from all nine natural soils. Pythium spp. also were observed on seedlings in six of the soils. 100 100 100 100 Methods are described for inoculating soybean Two-day-old seedlings were incubated on flooded soil for 3 seedlings with zoospores of P. megasperma var. sojae, days before evaluation. There were five seedlings per cultivar per and for detection of the pathogen in natural soil. The tray and four trays per treatment. Least significant ranges by inoculation methods offer advantages over the Tukey's w procedure (P = 0.05) for interaction of concentration hypocotyl-wound technique in that they are more rapid X cultivar = 14.4. and easier to perform, and do not require a greenhouse.
